Digestion of the N-acetylated-tyrosylated form of brome mosaic virus (BMV) RNA with proteinase K removed the T-blocking N-acetyl-tyrosine residue. Removal of the blocking group affected neither infectivity nor mRNA activity. The previously reported effect of acetylation of tyrosylated BMV RNA on infectivity appears to result from non-specific acetylation of the RNA.
Brome mosaic virus (BMV) RNA is one of several plant viral RNAs capable of accepting an amino acid at its 3' terminus in a tRNA-like manner (for review, see Hall, 1979) . In the case of bromoviruses, the reaction is specific for tyrosine (Kohl & Hall, 1974) . Aminoacylation does not affect viral RNA translation (Chen& Hall, 1973) , nor has it been shown to function in RNA replication or virion assembly. However, the demonstrations that BMV RNA is tyrosylated in barley protoplasts (Loesch-Fries & Hall, 1982) and that turnip yellow mosaic virus RNA is valylated in Xenopus laevis oocytes (Joshi et al., 1978) suggest that aminoacylation occurs during viral infection.
Previously (Kohl & Hall, 1977) , we sought to establish a function for aminoacylation by measuring the biological activity ofBMV RNA whose tyrosylation capacity had been destroyed by chemical modification. In that study, the 3' terminus of the RNA was blocked by acetylating tyrosylated RNA (tyr RNA). Since the hydrolysis rate of N-acetylated tyrosine (N-acetyl-tyr) from RNA is much slower than that of tyrosine, BMV RNA modified in this way was incapable of supporting de novo tyrosylation. The messenger function of the viral RNA appeared to be unaffected by the modification, but a significant loss of infectivity was observed. We now describe a set of experiments that involve the removal in vitro of N-acetyl-tyr from the 3' terminus of the viral genome, and the subsequent assay of the biological activity of the repaired BMV RNA.
BMV RNA was tyrosylated in vitro (Kohl & Hall, 1977) , using a wheat germ synthetase preparation enriched in tyrosyl-tRNA synthetase (Faulhammer & Cramer, 1977 ) that routinely yielded viral RNA which was 70 to 100% charged. The conditions for synthesis of the acetylating agent (the N-hydroxysuccinimide ester of acetic acid) and for acetylation of BMV tyr RNA were as described previously (Kohl & Hall, 1977) . The extent of acetylation was estimated by comparing the rates of hydrolysis of N-acetyl[3H]tyr and [3H]tyr from BMV RNA incubated in 0.1 M-Tris-HCI pH 8.5 for 30 min at 37 °C. By this criterion, the acetylation reaction, was 65 to 80% complete.
Although significant amounts of N-acetyl-tyr could be removed from BMV RNA by alkaline hydrolysis, this approach was unsatisfactory, because the conditions (0.25M-Tris-HC1 pH 9-0, 30 °C for 30 min) degraded the RNA (P. A. Kiberstis, unpublished observations) . To test whether aminoacylated BMV RNA would serve as a substrate for proteinase K, which can specifically hydrolyse N-blocked amino acids from tRNAs (Vidales et al., 1979) , we used the i Present address: MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, U.K.
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conditions defined for hydrolysis of N-acetyl-tyr-tRNA. The results shown in Table 1 indicate that proteinase K could remove N-acetyl-tyr from the 3' terminus of the viral RNA. As with aminoacylated tRNAs (Vidales et al., 1979) , the reaction was fairly specific for the N-blocked amino acid; the enzyme treatment accounted for 83 ~ of the hydrolysis of N-acetyl-tyr, whereas all but 10~ of the hydrolysis of tyrosine was due solely to the incubation conditions. So that the biological activity of the repaired RNA could be measured, N-acetyl-tyr BMV RNA was hydrolysed with proteinase K on a large scale. Control N-acetyl-tyr BMV RNA was incubated under conditions that differed only in the omission of proteinase K. An additional control for assessing potentially deleterious side-effects consisted of a sample of unmodified (i.e. neither tyrosylated nor acetylated) BMV RNA incubated under the same conditions as the modified RNAs. Before assaying biological activity, the structural integrity of each RNA sample was verified by electrophoretic analysis in a formaldehyde-agarose gel (data not shown).
The activity of repaired and unrepaired RNAs was compared by in vitro tyrosylation and in vitro translation assays (Table 2) . Both tests were conducted as described by Kohl & Hall (1977) , except that [3SS]methionine was used instead of [3H]leucine in the translation assay. In vitro tyrosylation confirmed that proteinase K treatment re-established the functionality of the 3' terminus of N-acetyl-tyr BMV RNA; the repaired RNA showed a 54~ increase in charging capacity over the unrepaired RNA. In contrast, repair did not significantly enhance the translational efficiency of N-acetyl-tyr RNA. The proteinase K treatment alone reduced the tyrosylation and translation capacity by 5 to 10~. * RNAs were the same preparations described in Table 2 . 1" Five leaves distributed among five plants (two or three leaves/plant) were inoculated with each concentration of RNA.
Five leaves distributed among four plants (one or two leaves/plant) were inoculated.
Infectivity of the same RNA preparations in vivo was measured by inoculation to Chenopodium hybridum. Proteinase K treatment of N-acetyl-tyr RNA did not increase its infectivity (Table 3) . Proteinase K alone decreased infectivity of control RNA by 109/oo, not sufficient to account for its failure to 'activate' N-acetyl-tyr RNA.
The messenger activity in vitro of N-acetyl-tyr BMV RNA and the repaired RNA was about half that of the unmodified control RNA ( Table 2) . Analysis of the translation products of the modified RNAs by SDS-gel electrophoresis (Fig. 1) showed that each RNA sample synthesized the four major viral proteins (la, 2a, 3a and coat) as well as multiple, intermediate-sized polypeptides. The latter may represent the products of RNA fragments generated during preparative in vitro tyrosylation, as they are less abundant in product profiles of unmodified RNAs. Repair did not change the protein profile (Fig. 1 c, d ) but acetylation significantly reduced the levels of proteins la and 2a (Fig. 1 a, b) . The N-hydroxysuccinimide acetyl ester that is responsible for this reduction (data not shown) apparently reacts not only with the tyrosine, but also elsewhere in the viral RNA. The effect on RNAs 1 and 2 may be more pronounced because of their large target size relative to RNAs 3 and 4. Because the translation products of BMV RNAs 1 and 2 are necessary for viral RNA replication (Kiberstis et al., 1981) , this finding might explain why both the N-acetyl-tyrosylated and repaired RNAs had such low levels of infectivity compared with the unmodified control RNA (Table 3) .
The above data confirm the previous conclusion of Kohl & Hall (1977) that acetylation reduces RNA infectivity, but show that this reduction is not necessarily attributable to blockage of RNA tyrosylation. These results do not imply that viral RNA aminoacylation is biologically insignificant. Indeed, with the observations that the 3'-terminal sequence of bromovirus RNAs is highly conserved (Ahlquist et al., 1981) and that BMV RNA is tyrosylated in vivo (LoeschFries & Hall, 1982) , it seems unlikely that aminoacylation is a dispensable viral function. It is conceivable that the chemical modification we have studied is not suitably stable for biological experiments. The ease with which the 3' terminus of N-acetyl-tyr BMV RNA was repaired in vitro by proteinase K raises the possibility of a similar type of repair in vivo mediated by plant cell proteases. Another consideration of potential importance is that the chemical modification affected only the input (inoculum) viral RNA. Thus, one would expect the modified RNA to be impaired in its function only if tyrosylation were required to initiate infection. If a functional 3' terminus were crucial for a late event of infection (such as encapsidation) which mainly involves progeny RNA molecules, the infectivity of N-acetyl-tyr RNA would not be reduced from control levels. In this respect, our study of chemically modified BMV RNA differs from the recent experiments of Agranovsky et al. (t982) , who found that removal of a 210 nucleotide fragment from the 3' terminus of barley stripe mosaic virus RNA reduced tyrosylation and infectivity. However, because that modification involved a permanent deletion, it would have precluded [3sS]Methionine-labelled polypeptides synthesized in the wheat germ system (Davies & Kaesberg, 1974) were subjected to electrophoresis through a 16 ~ SDS-polyacrylamide gel (Laemmli, 1970) 
